amounts of salt used (15 to 20%) various bacteria have been isolated from fi sh sauce and are considered to play important roles in the maturation process (Fujii et al., 1980; Sato et al., 1995) . In previous studies, Achromobacter, Bacillus, Micrococcus, Staphylococcus, Streptococcus, Tetragenococcus , and Vibrio were isolated from fi sh sauces (Crisan and Sands, 1975; Fujii and Sakai, 1984; Fukami et al., 2004a; Ijong and Ohta, 1996; Itoh et al., 1985a, b; Ok et al., 1982; Saisithi et al., 1966; Sato et al., 1995; Satomi et al. 1997 Satomi et al. , 2008 Taira et al., 2007; Tanasupawat and Daengsubha, 1983; To et al., 1997) . In most reports, the isolation of bacterial cultures from various fi sh sauces was limited to a part of the fermentation process; hence, a systematic analysis on bacterial counts and diversity has not been conducted over the consecutive stages of the fermentation process. Additionally, the identifi cation of isolates in many studies has been based on phenotypic characterizations that have led to potential misidentifi cation due to the ambiguity of variable characteristics (Becker et al., 2004; Fukami et al., 2004a, b) .
Due to the inherent biases of cultivation-based methods (Amann et al., 1995) , culture-independent techniques are regarded as more reliable for the investigation of microbial fl ora in environmental samples (Cottrell and Kirchman, 2000; Sekiguchi et al., 2002) , although the analysis of microbial diversity in fi sh sauce has yet to be investigated using a culture-independent approach. Recently, the culture-independent method polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) was utilized to investigate bacterial diversity in fermented seafoods Yoshikawa et al., 2010) . Among these studies, some bacterial sequences detected by the culture-independent method had never previously been obtained using culture-based techniques . In this study, we used molecular cloning to reveal the bacterial diversity in a fi sh sauce mash throughout the fermentation process. This methodology can be used in conjunction with cultivation studies to provide a better understanding of the fi sh sauce microbial community.
We sequentially investigated the fl uctuations of bacterial viable counts and the bacterial communities through fermentation for 8 months using three different culture media. Additionally, molecular cloning and DNA sequencing were used to investigate fi sh sauce bacterial communities by targeting the universally conserved 16S rRNA gene.
Materials and Methods
Preparation of fi sh sauce. Deep sea smelt Glossanodon semifasciatus was purchased at fi sh markets in Toyama and Niigata, Japan. The fi sh were stored at 20 C until use. After thawing and washing, the fi sh were minced using a meat grinder, and the heads, skin, and bones removed. 260 kg of prepared deep sea smelt was mixed with 86 L of water, 66 kg of salt to a 15% (w/w) fi nal concentration, and 40 kg of soy sauce koji using Aspergillus oryzae (Ichimurasaki, Bio c, Toyohashi, Japan). The mixture was stirred well and put in a covered 500 L polypropylene tank. The fi sh sauce mash was fermented at room temperature for 8 months from April to November. About 100 ml of the mash was regularly sampled at 0, 2, 4, 6, 8, 12, and 32 weeks of fermentation.
Chemical parameters. Chemical parameters including temperature, pH, total nitrogen, and lactic acid were measured at each fermentation stage. Temperature was measured using a thermometer every 2 weeks during 16 weeks, 22 and 32 weeks of fermentation. pH was measured with a glass electrode (HM-5S, DKK-TOA, Tokyo, Japan). Total nitrogen contents were determined by the Kjeldahl method. Lactic acid content was determined using HPLC (Funatsu, 2001) .
Preparation and cultivation of sample. The fi sh sauce mash was homogenized in sterile 10% sodium chloride solution with a stomacher blender (Basic, IUL, Barcelona, Spain) for 1 min. Samples for cultivation were decimally diluted and 0.1 ml of the serial dilutions was spread on each of three defi ned media: plate count agar without NaCl (PCA, Eiken Chemical, Tokyo, Japan; 0% NaCl), marine agar (MA, Difco, Franklin Lakes, USA; 2.5% NaCl), and salt marine agar (SMA; 12.5% NaCl) defi ned as MA with 10% sodium chloride and 1% D-glucose added. Non-halophilic bacteria were cultured on PCA at 37 C for 2 days; halophilic bacteria and highly halophilic bacteria were cultured on MA and SMA, respectively, at 20 C for 2 weeks. After incubation, viable bacterial counts on each medium were enumerated.
Identifi cation of bacterial strains. Twenty colonies were randomly selected from each of the three media at each fermentation stage. Bacterial DNA was extracted by boiling in TE buffer containing Triton X-100 of 1% (v/v), and the protein was removed with chloroformisoamyl alcohol (24:1). Initially, an identifi cation for T. halophilus was performed by PCR detection using a T. Bacterial community in fi sh sauce halophilus-specifi c primer set of ThF (5 -CGAACGCTG CTTAAGAAGA-3 ) and ThR (5 -GCATTTCCTCTTTCT CCTG-3 ) for the 16S rRNA gene. The PCR cycles consisted of 1 min at 94 C followed by 25 cycles of 30 s at 94 C, 30 s at 55 C, and 1 min at 72 C and for 7 min at 72 C. For non-T. halophilus strains, PCR amplifi cation was performed with a bacterial universal primer set of 27F and 1492R for the 16S rRNA gene sequence (Weisburg et al., 1991) . To determine the nucleotide sequence of the 16S rRNA gene, sequencing was performed on PCR products with 27F primer using DNA sequencer Model 3100 (Applied Biosystems, Foster City, CA, USA). Approximately 700 bp of the 5 end of the 16S rDNA sequence was used for phylogenetic analysis. To examine the phylogeny of the isolates, representative sequences were searched for sequence similarities using the BLAST algorithm (Altschul et al., 1997) and Ribosomal DNA database project II (RDP-II) (Maidak et al., 2001) in Genbank, EMBL, and DDBJ databases. Isolates having a >95% similarity to the type strain were assumed to be the same genus (Ludwig et al., 1998) .
Construction of 16S rDNA clone libraries. Genomic DNA from the microbial community was extracted using an isofecal DNA Kit (Nippon Gene, Tokyo, Japan) according to the manufacturer s instructions. Amplification of 16S rDNA was conducted with the universal primer set of 27F and 1492R using conditions specifi ed previously. The amplicons were inserted into TOPO TA cloning vector (Invitrogen, Carlsbad, CA, USA) and transformed into competent Escherichia coli strain TOP10, according to the manufacturer s protocol. Twenty colonies at each fermentation stage were randomly selected and sequenced using M13 and M13 RV primers. The presence of chimera was evaluated by sequence similarity using BLAST and RDP-II, and putative chimeric sequences were omitted. Approximately 700 bp of the 5 -16S rDNA sequences was subsequently used for phylogenetic analysis. Sequences with a similarity of >98% were assigned to the same phylogenic clone type (phylotype) (Rosselló-Mora and Amann, 2001; Stackebrandt and Ebers, 2006) . The type strain in the database showing the highest similarity to the representative clone is described in the results. Clones having a >95% similarity to the type strain are shown at the level of the genus (Ludwig et al, 1998) . The representative sequences were deposited in the GenBank database and assigned the accession numbers AB649148 AB649167.
To evaluate bacterial diversity, coverage (C) was calculated as C 1 (n 1 /N), where n 1 represents the number of phylotype that contained single clone and N represents the total number of clones analyzed (Good, 1953) .
Results

Chemical components
The temperature increased from 14.7 C to 31.0 C during 22 weeks of fermentation, and then decreased to 16.7 C by 32 weeks (Fig. 1A) . The pH value decreased from 5.9 on the starting day to 5.5 after 6 weeks of fermentation, but the pH increased to 6.4 by 32 weeks (Fig. 1B) . Total nitrogen markedly increased during the fi rst 4 weeks of fermentation, and then gradually increased until 32 weeks (Fig. 1C) . Lactic acid dramatically increased between 4 and 8 weeks of fermentation (Fig. 1D) . The highest concentration of lactic acid (1,740 mg/100 ml) was reached at 12 weeks of fermentation, where it remained constant throughout the rest of the fermentation period.
Changes in bacterial counts during fermentation
At the initial stage of fermentation viable counts of both non-halophilic and highly halophilic bacteria, and halophilic bacteria were 10 7 and 10 8 cfu/g, respectively (Fig. 1E, 1F , and 1G). Through week 4, the number of non-halophilic and halophilic bacteria decreased to 10 6 and 10 7 cfu/g, respectively ( Fig. 1E and 1F ). Between 4 and 6 weeks of fermentation, halophilic and highly halophilic bacterial counts increased up to 10 8 cfu/g ( Fig. 1F and 1G ), while non-halophilic bacterial counts decreased at 10 6 cfu/g (Fig. 1E) . After 6 weeks, the number of halophilic and highly halophilic bacteria continued to decrease, with fi nal counts of 10 7 and 10 6 cfu/g at week 32, respectively ( Fig. 1F and  1G ). Non-halophilic bacterial counts remained at 10 6 cfu/g between 6 and 32 weeks (Fig. 1E) .
Bacterial fl ora during fermentation by culture method
Until the fi rst 2 to 4 weeks of the fermentation, Staphylococcus spp. were the dominant bacteria on all media ( Fig. 2A, 2B , and 2C). After 6 weeks, Bacillus sp. was the dominant isolates on non-halophilic medium and was similar to B. subtilis (AJ276351; 100%) ( Fig.  2A) . At 4 weeks of fermentation, T. halophilus was observed on halophilic and highly halophilic media, and thereafter was the predominant isolate ( Fig. 2B and 2C ). T. halophilus was never isolated on PCA medium throughout the fermentation period ( Fig. 2A) . Other species isolated to a lesser extent included Kocuria sp. related to K. koreensis (FJ607312; 99.9%) isolated from MA medium (Fig. 2B) and Enterococcus sp. closely related to E. casselifl avus (AF039903; 100%) from PCA medium ( Fig. 2A) .
Bacterial community by culture-independent methods
Until week 4, the majority of clones were identifi ed 98.9 99.5%). At 32 weeks of fermentation, clones closely related to S. cohnii subsp. urealyticus (AB009936; 98.0%), S. saprophyticus subsp. saprophyticus (AP008934; 99.6%), and Lentibacillus salinarum (EF601571; 93.1%) were detected. The coverage of the clone library at 0, 2, 4, 6, 8, 12, 32 weeks, was 95%, 90%, 95%, 100%, 100%, 100%, 95%, respectively.
Discussion
We examined the changes in bacterial fl oras in the fi sh sauce mash throughout a fermentation period of 8 months, using both culture-dependent and -independent methods. Additionally, we measured specifi c chemical parameters (e.g., temperature, pH, total nitrogen, and lactic acid) at each fermentation stage to examine associations between bacterial communities and chemical parameters. Changes in these chemical parameters were similar to those observed in previous studies (Ijong and Ohta, 1996; Taira et al., 2007) indicating the fi sh sauce underwent a normal fermentation process. Culture-dependent methods utilized three different media, PCA, MA, and SMA for isolation of nonhalophilic, halophilic, and highly halophilic bacteria, respectively. Each clone library analyzed in this study covered more than 90% of bacterial populations in the fi sh sauce mash. During the fermentation process, the changes of bacterial genera isolated on each medium and clone libraries differed. While all three media and clone sequences were initially dominated by Staphylococcus spp., the non-halophilic bacterial fl ora became exclusively Bacillus spp. (Fig. 2A) whereas both halophilic and highly halophilic bacterial fl ora and clone sequences became dominated by Tetragenococcus spp. (Fig. 2B, 2C, and 2D) .
Between the initial day and 2 to 4 weeks of fermentation, Staphylococcus spp. were detected as the most dominant bacteria using both culture and clone library methods ( Fig. 2 and Table 1 ). In this study, all of the clone sequences belonged to two groups represented by S. saprophyticus and S. sciuri (Kloos et al., 1992; Spergser et al., 2003; Takahashi et al., 1999) . However, as Staphylococcus spp. often have a high degree of mean similarities (97.4 98%) in 16S rRNA gene sequence, it was diffi cult to discriminate to an accurate species level of Staphylococcus spp. (Becker et al., 2004; Fukami et al., 2004b; Poyart et al., 2001; Shah et al., 2007) . Therefore, the use of other genes with higher discrimination than 16S rRNA gene for classifi cation of Staphylococcus species, such as dnaJ (Shah et al., 2007) , rpoB (Drancourt and Raoult, 2002; Fukami et al., 2004b) , and sodA (Poyart et al., 2001 ) would be required to accurately identify these strains. Interestingly, among the S. saprophyticus group, S. saprophyticus and S. nepalensis have been isolated from several fi sh sauces (Fukami et al., 2004a, b; Itoh et al., 1985b) . In particular, the addition of the S. nepalensis strain to a fi sh sauce was shown to change the sauce s volatile composition and improve its odor (Fukami et al., 2004b) . Between the initial day and 4 weeks of fermentation, viable counts of non-halophilic and halophilic bacteria decreased ( Fig. 1E and 1F ). These decreases were related to declines in the detection rate of Staphylococcus spp. that were dominant until 4 weeks ( Fig. 2A and 2B) .
Between 4 and 6 weeks, the dominant bacterial species on MA and SMA plates and clone libraries changed from Staphylococcus spp. to T. halophilus (Fig. 2B, 2C , and 2D). T. halophilus is known as halophilic and lactic acid bacteria, and the isolates have been cultured from various fi sh sauces (Itoh et al., 1985b; Sato et al., 1995; Satomi et al., 2008; Taira et al., 2007; Vol. 58 FUKUI et al. and Daengsubha, 1983) . As some strains of T. halophilus were reported to grow well in media with 30 C (Itoh et al., 1985b) , 3 15% NaCl (Kobayashi et al., 2004) , and pH 5.5 8.0 (Itoh et al., 1985a) , the fermentative condition in this study provided an environment suitable for this species growth. The reduction in pH value between the initial day and 6 weeks resulted from increases in T. halophilus and lactic acid concentrations (Fig. 1B and 1D ) as reported elsewhere (Ijong and Ohta, 1996; Itoh et al., 1985b; Taira et al., 2007) . Recently, T. halophilus strains have been shown to have proteinase-producing abilities and to produce major volatile compounds such as 1-propanol, 2-methylpropanol, and benzaldehyde (Udomsil et al., 2010) , which were previously identifi ed in fi sh sauce with T. halophilus and A. oryzae (Funatsu et al., 2002) . In view of the metabolism of T. halophilus, it was considered that T. halophilus played an important role in the maturity process of the fi sh sauce mash.
After 6 weeks of fermentation, most isolates of nonhalophilic bacteria were closely related to B. subtilis ( Fig. 2A) . B. subtilis has been isolated from a fi sh sauce in Vietnam and a few strains showed collagenase-producing activity . However, the total nitrogen level did not sharply increase after 6 weeks when B. subtilis was predominant in this study. Instead, the level of total nitrogen markedly increased during the fi rst 4 weeks of fermentation (Fig. 1C) , and was attributed mainly to protein-decomposition by A. oryzae, which was detected at the level of 10 5 10 6 cfu/g on MY20 medium by 8 weeks of fermentation (data not shown). As growth of B. subtilis strains of marine origin were inhibited at 15% of NaCl concentration (Ivanova et al., 1999) , B. subtilis present in the mash might have formed spores and suspended physiological activity. Furthermore, the gene sequence of B. subtilis was not detected in any of the clone libraries. This result may be explained by the observation that halophilic and highly halophilic viable counts were notably higher than the non-halophilic counts dominated by B. subtilis strains.
Other infrequently isolated strains of non-halophilic and halophilic bacteria included E. casselifl avus and K. koreensis, respectively ( Fig. 2A and 2B) . K. koreen- sis has previously been isolated from fermented seafood in Korea . Additionally, it was reported that an E. casselifl avus strain was used as a starter culture for a vegetable product, enhancing consumption of carbohydrates and causing a decrease in pH (Castro et al., 2002) . In clone libraries, the clone sequences closely to L. salinarum, which was initially isolated from a solar saltern and a moderately halophilic bacterium, were detected (Lee et al., 2008) .
When the bacterial communities determined by culture-dependent and -independent approaches were compared, the changes in the detection rates of clones identifi ed as Staphylococcus spp. and T. halophilus were more similar to those of isolates on halophilic and highly halophilic bacterial media than non-halophilic medium (Fig. 2) . This agreement suggested that the microbial fl ora detected through molecular techniques was more refl ective of the results obtained from MA and SMA media which showed higher bacterial numbers than that of PCA medium. On the other hand, at 32 weeks of fermentation, the bacterial fl oras obtained by clone libraries differed from those of cultural methods using MA and SMA. The difference might be explained by the decreased level of halophilic and highly halophilic counts represented by T. halophilus and dead state of Staphylococcus spp. and Lentibacillus-like bacteria.
In conclusion, we examined the dynamics of bacterial communities in a fi sh sauce mash throughout the fermentation period using both culture-dependent and -independent methods. Our results indicated the predominant bacteria in the fi sh sauce were Staphylococcus spp. and T. halophilus. Interestingly, some species could only be detected either by cultivation or by the clone library method. Accordingly, the approach of a combination of culture and clone library methods should be used for analysis of the whole bacterial community in the mash. An understanding of the bacterial communities detected in this study could help in the use and selection of starter cultures although further study is needed to investigate the roles of naturally occurring Staphylococcus spp. and T. halophilus in the fi sh sauce mash with respect to the fermentation process as a whole.
